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Multivalent pneumococcal polysacchar ide-protein conjugate composition 

An immunogenic composition having 13 distinct polysacchar ide-protein conjugates 

and optionally, an aluminum-based adjuvant, is described. Each conjugate 

contains a capsular polysaccharide prepared from a 

different serotype of Streptococcus pneumoniae (1, 3, 

4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F) conjugated to a carrier 
protein. The immunogenic composition, formulated as a vaccine, increases 
coverage against pneumococcal disease in infants and young children 
globally, and provides coverage for serotypes 6A and 19A that is not 
dependent on the limitations of serogroup cross-protection. Methods for 
making an immunogenic conjugate comprising Streptococcus 
pneumoniae serotype 19A polysaccharide are also provided in which 
the serotype 19A polysaccharide is co-lyophilized with a carrier protein 
and conjugation is carried out in DMSO via a reductive 
amination mechanism. 
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TI Vaccines containing pneumococcal polysacchar ide-protein conjugates and 

aluminum-based adjuvants 
AB An immunogenic composition having 13 distinct polysacchar ide-protein conjugates 

and optionally, an aluminum-based adjuvant, is described. Each conjugate 

contains a capsular polysaccharide prepared from a 

different serotype of Streptococcus pneumoniae (1, 3, 

4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F) conjugated to a carrier 
protein. The immunogenic composition, formulated as a vaccine, increases 
coverage against pneumococcal disease in infants and young children 
globally, and provides coverage for serotypes 6A and 19A that is not 
dependent on the limitations of serogroup cross-protection. Methods for 
making an immunogenic conjugate comprising Streptococcus 
pneumoniae serotype 19A polysaccharide are also provided in which 
the serotype 19A polysaccharide is co-lyophili zed with a carrier protein 
and conjugation is carried out in DMSO (DMSO) via a reductive 
amination mechanism. 
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TI High-performance reverse phase chromatography with fluorescence detection 
assay for characterization and quantification of pneumococcal 
polysaccharides 

AB A methods using high-performance reverse phase (RP) chromatog. with 

fluorescence detection, was developed to determine the composition and 

identity of 

Streptococcus pneumoniae capsular 

polysaccharide used in formulating conjugate vaccine for 

prevention of pneumococcal infection. For the monosaccharide composition, the 
polysaccharides were subjected to hydrofluoric acid (HF) hydrolysis 
followed by trif luoroacetic acid (TFA) . After acid hydrolysis, the 
released monosaccharides were re-N-acetylated and labeled with 
2-aminobenzamide (2AB) by reductive amination 

reaction. High-performance RP chromatog. was performed on C18 TSKODS 120T 
column. NMR was used to confirm chemical structure and purity of 
pneumococcal capsular polysaccharides. 
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TI Immunogenic conjugates obtained by reductive amination 

of capsular polysaccharide of serotype 5 

Pneumococcus 

AB The invention provides conjugates obtained from reductive 
amination of Pneumococcus serotype 5 capsular 
polysaccharide. The conditions for the reductive 
amination are distinguished from the traditional conditions in 
that they make it possible to avoid the appearance of an undesirable 
compound which harmful to the immunogenicity of the conjugates. In carbon 
NMR, this undesirable compound is characterized by a resonance signal 
between 13 and 14 ppm. Aminated polysaccharides used in the manufacture of 
conjugates thus have a carbon NMR spectrum not having a resonance signal 
between 13 and 14 ppm. The conditions of reductive 
amination offered by the invention are two. According to a first 
process, the reductive amination is carried out at a 
slightly acidic pH (4-6.5) for at most 4 h. According to a second 
process, the polysaccharide is first reduced, then fragmented, and finally 
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subjected to reductive amination itself, under 

traditional conditions or not. According to the process used, the 
structure of the aminated polysaccharide can vary, but these variations 
are without effect on immunogenicity . 
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L4 ANSWER 5 OF 9 HCAPLUS COPYRIGHT 2009 ACS on STN 
TI Multivalent pneumococcal capsular polysaccharide 

conjugate vaccines employing genetically detoxified pneumolysin as a 

carrier protein 

AB A genetically detoxified pneumolysin, pneumolysoid (PLD) , was investigated 
as a carrier protein for pneumococcal capsular 

polysaccharide (CPS) . Such a CPS-PLD conjugate might provide 
addnl. protection against pneumococcal infections and resultant tissue 
damage. A single point mutant of pneumolysin was selected, which lacked 
measurable hemolytic activity, but exhibited the overall structural and 
immunol. properties of the wild type. PLD conjugates were prepared from CPS 
serotypes 6B, 14, 19F, and 23F by reductive amination. 

The structural features of free PLD, as well as the corresponding CPS-PLD, 
as assessed by CD spectroscopy, were virtually indistinguishable from the 
wild type counterpart. Each of the CPS monovalent and tetravalent 
conjugate formulations were examined for immunogenicity in mice at both 0.5 
and 2.0 |ug CPS per dose. Tetanus toxoid (TT) conjugates were similarly 
created and used for comparison. The resultant conjugate vaccines 
elicited high levels of CPS-specific IgG that was opsonophagocytic for all 
serotypes tested. Opsonophagocytic titers, expressed as reciprocal dilns. 
resulting in 50% killing using HL-60 cells, ranged from 100 to 30000, 
depending on the serotype and formulation. In general, the lower dose and 



tetravalent formulations yielded the best responses for all serotypes 
(i.e., either equivalent or better than the higher dose and monovalent 
formulations) . The PLD conjugates were also generally equivalent to or better 
in CPS-specific responses than the TT conjugates. In particular, both the 
PLD conjugate and the tetravalent formulations induced responses for type 
23F CPS that were approx. an order of magnitude greater than that of the 
corresponding TT conjugate and monovalent formulations. In addition, all the 
PLD conjugates elicited high levels of pneumolysin-specif ic IgG which were 
shown to neutralize pneumolysin-induced hemolytic activity in vitro. As a 
result of these findings, PLD appears to provide an advantageous 
alternative to conventional carrier proteins for pneumococcal multivalent 
CPS conjugate vaccines. 
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TI Oligosaccharide conjugate vaccines 

AB An improved method is provided for producing oligosaccharide conjugate 

vaccines. The method comprises (1) reacting an oligosaccharide having a 
terminal reducing group with diaminoethane in the presence of pyridine 
borane such that reductive amination occurs; (2) 

reacting the aminated oligosaccharide with a mol. having 2 functional 
groups, 1 of which can react with the terminal group of the activated 
oligosaccharide and the other of which can react with a carrier protein; 
and (3) reacting the activated oligosaccharide product of 2 with a carrier 
protein to form a conjugate. The bifunctional mol. is e.g. a diester of 
adipic acid or of succinic acid. The process of the invention permits the 
efficient synthesis of glycocon jugates at production rates significantly 
faster than currently employed methods. Capsular 
polysaccharide of Streptococcus pneumoniae 

(e.g. S. pneumoniae type 6A polysaccharide) was hydrolyzed, and the 
resulting oligosaccharide haptens were treated with diaminomethane, 
pyridine borane, and then with the succinimidyl diester of succinic (or 
adipic) acid. The activated oligosaccharides were conjugated to 
Corynebacterium diphtheriae CRM197 protein, and the immunogenicity of the 
glycocon jugates was determined The immune response to the glycocon jugates was 
monospecific and homogeneous. 
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TI GLC-MS of N- ( 1-deoxyalditol-l-yl ) octadecyl amine derivatives in the 
analysis of methanolysates of neoglycolipids obtained by reductive 
amination 

AB Hydrophobic conjugates of a series of aldoses have been prepared by 
reductive amination with octadecylamine and sodium 
cyanoborohydride, as model compds . for the anal, of reductively 
aminated oligosaccharides derived from capsular polysaccharides of 
Streptococcus pneumoniae. In the context of the 

methanolysis procedure for sugar anal., GLC and GLC-MS studies were 
carried out on the N- ( 1-deoxyalditol-l-yl ) octadecylamine derivs. obtained 
after treatment with methanolic HC1, and subsequent N-acetylation and 
trimethylsilylation . 
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TI Immunogenic conjugates comprising the reductive 

amination product of bacterial polysaccharide capsule fragments 
and bacterial toxins or toxoids, especially for human infants 

AB Immunogenic conjugates are the reductive amination 

products of an immunogenic bacterial capsule fragments and a bacterial 
toxin or toxoid. The conjugates are prepared and used as vaccines for young 
mammals, including humans, especially infants. The capsular polymer fragment 
prior to conjugation has >1 aldehyde group at each end of the 
fragment; the final conjugate made with the capsular polymers has a 
lattice or network structure, and provides extremely high levels of 
anticapsular polymer antibodies in infants. The capsular polymer of 
Haemophilus influenzae type b (PRP) Na salt was cleaved with acid and 
fragments containing 15-34 ribose units were treated with CRM197 (diphtheria 
toxin analog) in the presence of NaBH3CN to give the PRP-CRM197 conjugate 
(I) as a multimol. aggregate. In infants from 12-27 mo, the injection of 
I led to enhanced formation of anti-PRP antibodies as well as 
antidiphtheria toxoid antibodies. 
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TI Immunogenic conjugates for vaccines against childhood diseases. 



AB An immunogenic conjugate comprises the reductive 

amination product of an immunogenic capsular polymer fragment of 

10-30 monomeric units and a reducing end. The fragment is derived from 

the capsular polymer of a Streptococcus pneumoniae or 

Haemophilus influenzae bacterium and a bacterial toxin or toxoid. A 

vaccine containing the conjugates allows active immunization of young mammals 

against systemic bacterial infections. An immunogenic conjugate 

comprising diphtheria toxin protein CRM197 and H. influenzae 

capsular polysaccharide PRPvs fragment (preparation given) 

was used to immunize children of age 1-2 yr via s.c. injection of a 

vaccine containing 25mg conjugate in saline (2-3 vaccinations at >1 mo. 

intervals) . No toxic reactions were observed, and higher antibody titers 

were observed with the CRM carrier than without and with secondary 

vaccination . 
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L7 ANSWER 1 OF 17 HCAPLUS COPYRIGHT 2009 ACS on STN 
TI Modified saccharides and their protein conjugates 

AB Saccharide-protein conjugates having a new type of linker are described. 

The conjugates comprising the new linker are prepared from modified capsular 
saccharides. The linker is especially useful for preparing conjugates of 

Neisseria 

meningitidis serogroup A saccharide. Conjugates having this new linker 
have improved immunogenicity compared to other types of conjugates. A 
process for modifying a capsular saccharide comprises the steps of: (a) 
providing a capsular saccharide having a hydroxy group; (b) reacting the 
hydroxy group with a bifunctional reagent, e.g., 1 , 1 ' -carbonyldiimidazole 



or carbonyldi-1 , 2 , 4-triazole in an organic solvent; and (c) reacting the 
product of step (b) with an amino compound, such as l-amino-4 , 5-pentanediol . 
The product of step (c) is cleaved with periodate, thereby providing an 
aldehyde compound suitable for linking to a protein by a reductive 
amination reaction using NaBH3CN. A pharmaceutical composition 
comprising a saccharide-protein conjugate, an adjuvant, and a carrier for 
preventing or treating diseases, such as bacterial meningitis, is also 
described . 
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L7 ANSWER 2 OF 17 HCAPLUS COPYRIGHT 2009 ACS on STN 

TI Preclinical evaluation of group B streptococcal polysaccharide conjugate 
vaccines prepared with a modified diphtheria toxin and a recombinant duck 
hepatitis B core antigen 

AB An effective vaccine against group B streptococcal (GBS) disease will 

undoubtedly include capsular polysaccharides (CPSs) from each of the five 
serotypes prevalent in the United States individually coupled to 
immunogenic proteins. This formulation may require the use of two or more 



different protein carriers. We preclinically examined the potential of two 
proteins to serve as effective carriers for GBS type III CPS. Recombinant 
duck hepatitis B core antigen (rdHBcAg) , a particulate protein of viral 
origin, and a newly mutated form of diphtheria toxin (DTm) were covalently 
and directly coupled to purified type III CPS by reductive 
amination. Seventy-seven of 79 (97%) newborn pups born to mouse 
dams actively vaccinated with type III CPS-rdHBcAg conjugate survived GBS 
type III challenge, whereas none of the pups born to dams that received an 
uncoupled mixture of type III CPS and rdHBcAg or saline survived. Likewise, 
64 (98%) of 65 pups born to dams vaccinated with type III CPS-DTm 
conjugate survived challenge, in sharp contrast to no survivors among the 
pups born to dams vaccinated with an uncoupled mixture of type III CPS and 
DTm. The presence of type III CPS-specific IgG in serum from dams 
correlated with pup survival in groups that received a conjugate vaccine, 
and this serum was opsonically active in vitro against GBS type III. In 
addition, carrier-specific IgG was also measured in serum from vaccinated 
mice. These data suggest that the rdHBcAg and DTm may be effective 
carriers for GBS CPSs. 
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TI Preclinical evaluation of group B streptococcal polysaccharide conjugate 
vaccines prepared with a modified diphtheria toxin and a recombinant duck 
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L7 ANSWER 3 OF 17 HCAPLUS COPYRIGHT 2009 ACS on STN 

TI Formulation and characterization of Bordetella pertussis fimbriae as novel 
carrier proteins for Hib conjugate vaccines 

AB Haemophilus influenzae type b (Hib) capsular 

polysaccharide (polyribosylribitol phosphate, PRP) is the active 
component of conjugate vaccines that have proven successful in preventing 
invasive Hib disease. Conjugation of PRP to a protein carrier greatly 
improves its immunogenicity providing protection in infants and subsequent 
antibody maturation upon boosting. In this study, fimbriae isolated from 
Bordetella pertussis have been assessed as novel carrier proteins. These 
proteins are components of some acellular pertussis vaccines and clin. 
trials have indicated that fimbriae could be important protective antigens 
against whooping cough. Fimbriae (Fim2 and Fim3) purified from B. 
pertussis were dissociated in 6 M guanidine hydrochloride, pH 10.5, to 
produce proteins of defined size and to facilitate the production and 
characterization of the conjugates. Both carbodiimide-mediated coupling 
and reductive amination were used to conjugate PRP to 

dissociated fimbriae. Efficiency of conjugation was determined by size 
exclusion 

chromatog. followed by protein and polysaccharide anal, of fractionated 
components. Immunization of rabbits with dissociated fimbriae-PRP conjugates 
(D.fim-PRP) produced high anti-f imbrial and anti-PRP IgG titers. Use of a 
D.fim-PRP conjugate could protect against Hib disease and may also augment 
protection against B. pertussis. 
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L7 ANSWER 4 OF 17 HCAPLUS COPYRIGHT 2009 ACS on STN 

TI Novel meningococcal semi-synthetic polysacchar ide-protein conjugate 
vaccines 

AB The success of capsular polysaccharide vaccines in 

adults and particularly in children remains very limited. These thymus 
independent (TI) antigens are generally not effective in infants. 
Covalent bonding of these carbohydrate antigens to thymus dependent (TD) 
proteins can transform them into TD antigens. Haemophilus influenzae type 
b (Hib) conjugate vaccines to prevent meningitis have been the first of 
these semi-synthetic vaccines to be licensed. Three meningococcal C 
conjugates to prevent meningitis have been licensed in the U.K., and a 
pneumococcal conjugate to prevent invasive pneumonia in infants is now 
licensed in the U.S. Novel procedures have been developed for the preparation 
of the carbohydrate antigens to be conjugated, as well as selective chemical 
manipulations of the polysaccharides and efficient coupling chemistries 
like reductive amination. In addition, alternative 

carrier proteins, using recombinant technologies, have been utilized to 
overcome potential overloading of the immune system with conventional 
carriers, thereby providing better and safer immunogens . Using state of 
the art modern technologies, a better understanding of the chemical nature of 
the protective epitopes on the polysaccharide has provided elements for a 
rational design of these conjugate mols. As a result, following chemical 
manipulation of the meningococcal C polysaccharide through its 
de-O-acetylation, new protective epitopes were created that contributed to 
the superior immnunogenicity of NeisVac-C- in clin. trials. For group B 
meningococci, newly defined conformational protective epitopes, with the 
N-propionylation of the polysaccharide and the introduction of a new 
carrier protein (rPorB) as an immunomodulator , resulted in a novel vaccine 
candidate to prevent meningococcal B disease. The success of these 
conjugate vaccines will certainly continue to rise with a better 
understanding of this new field, which has now become a real technol. 
platform. 
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L7 ANSWER 5 OF 17 HCAPLUS COPYRIGHT 2009 ACS on STN 
TI Group B Streptococcus capsular polysaccharide-cholera 

toxin B subunit conjugate vaccines prepared by different methods for 



intranasal immunization 
AB Group B Streptococcus (GBS) type III capsular 

polysaccharide (CPS III) was conjugated to recombinant cholera 
toxin B subunit (rCTB) using 3 different methods which employed (1) 
cystamine and N-succinimidyl-3- ( 2-pyridyldithio ) propionate (SPDP), (2) 
carbodiimide with adipic acid dihydrazide (ADH) as a spacer, or (3) 
reductive amination (RA) . The CPS III-rCTB conjugates 

were divided into large- and small-mol . -weight (Mr) fractions, and the 
immunogenicities of the different prepns. after intranasal (i.n.) 
immunization were studied in mice. Both large- and small-Mr conjugates of 
CPS III-rCTBRA or CPS I I I-rCTBADH induced high, almost comparable levels 
of CPS-specific IgG in serum, lungs, and vagina that were generally 
superior to those obtained with CPS III-rCTBSPDP conjugates or a CPS III 
and rCTB mixture However, the smaller-Mr conjugates of CPS III-rCTBRA or 
CPS I I I-rCTBADH in most cases elicited a lower anti-CPS IgA immune 
response than the large-Mr conjugates, and the highest anti-CPS IgA titers 
in both tissues and serum were obtained with the large-Mr CPS III-rCTBRA 
conjugate. Serum IgG anti-CPS titers induced by the CPS III-rCTBRA 
conjugate had high levels of specific IgGl, IgG2a, IgG2b, and IgG3 
antibodies. Based on the effectiveness of RA for coupling CPS III to 
rCTB, RA was also tested for conjugating GBS CPS la with rCTB. As for the 
CPS III-rCTB conjugates, the immunogenicity of CPS la was greatly 
increased by conjugation to rCTB. Intranasal immunization with a 
combination of CPS Ia-rCTB and CPS III-rCTB conjugates was shown to induce 
anti-CPS la and III immune responses in serum and lungs that were fully 
comparable with the responses to immunization with the monovalent CPS 
Ia-rCTB or CPS III-rCTB conjugates. Thus, the GBS CPS III-rCTB and CPS 
Ia-rCTB conjugates prepared by the RA method may be used in bivalent and 
possibly also in multivalent mucosal GBS conjugate vaccines. 
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L7 ANSWER 6 OF 17 HCAPLUS COPYRIGHT 2009 ACS on STN 

TI Preparation and preclinical evaluation of experimental group B 

streptococcus type III polysaccharide-cholera toxin B subunit conjugate 
vaccine for intranasal immunization 
AB Streptococcus group B (GBS) is usually carried asymptomatically in the 
vaginal tract of women and can be transferred to the newborn during 
parturition. Serum antibodies to the capsular 
polysaccharide (CPS) can prevent invasive diseases, whereas 
immunity acting at the mucosal surface may be more important to inhibit 
the mucosal colonization of GBS and thus the risk of infection for the 
newborn. We prepared different GBS type III CPS-protein conjugate vaccines 
and evaluated their systemic and mucosal immunogenicity in mice. GBS type 
III CPS was conjugated to tetanus toxoid (TT) or recombinant cholera toxin 
B subunit (rCTB) either directly or to rCTB indirectly via TT. The 



conjugation was performed by different methods: (1) CPS was coupled to TT 
with l-ethyl-3 ( 3-dimethylaminopropyl ) -carbodiimide (EDAC) , using adipic 
acid dihydrazide (ADH) as a spacer; (2) CPS was conjugated with rCTB using 
reductive amination; or, (3) N-succinimidyl 

3- (2-pyridyldithio) propionate (SPDP) was used to bind rCTB to the TT of 
the CPS-TT conjugate. Mice were immunized with these conjugates or 
purified CPS by s.c. and intranasal (i.n.) routes. Antibodies to GBS III 
in serum, lungs and vagina were measured with ELISA. All of the 
CPS-protein conjugates were superior to unconjugated CPS in eliciting 
CPS-specific immune responses in serum and mucosal tissue exts. The 
conjugates, when administered s.c, induced only IgG responses in serum, 
lung and vagina, while i.n. vaccination also elicited IgA responses in the 
lungs and vagina. The CPS-TT conjugate administered i.n. induced a strong 
serum IgG, but only a weak mucosal IgA response, while the CPS-rCTB 
conjugate elicited high IgG as well as IgA antibodies in the lungs after 
i.n. immunization. GBS III CPS-TT conjugated with rCTB produced a strong 
systemic and local anti-CPSIII response after i.n. administration. 
Co-administration of CT as adjuvant enhanced the anti-CPS systemic and 
mucosal immune responses further after i.n. administration with the CPS 
conjugates. These findings indicate that: (i) i.n. immunization with GBS 
CPS-protein conjugates was more effective than s.c. immunization for 
stimulating serum as well as mucosal immune responses; (ii) rCTB as a 
carrier protein for GBS III CPS could markedly improve the mucosal immune 
response; and (iii) the exptl. GBS type III CPS conjugates containing rCTB 
should be investigated as mucosal vaccine to prevent GBS infection in 
humans . 
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L7 ANSWER 7 OF 17 HCAPLUS COPYRIGHT 2009 ACS on STN 
TI Use of capsular polysacchar ide-tetanus toxoid 

conjugate vaccine for type II group B Streptococcus in healthy women 
AB An estimated 15% of invasive group B streptococcal (GBS) disease is caused by 

type II capsular polysaccharide (II CPS) . In 

developing a pentavalent vaccine for the prevention of GBS infections, 
individual GBS CPSs have been coupled to tetanus toxoid (TT) to prepare 
vaccines with enhanced immunogenicity . Type II GBS (GBS II) vaccine was 
created by direct, covalent coupling of II CPS to TT by reductive 
amination. In 2 clin. trials, 75 healthy nonpregnant women 18-45 
yr old were randomized to receive II CPS-TT (II-TT) conjugate (dose range, 
3.6-57 |ug of CPS component) or uncoupled II CPS vaccine. Both vaccines 
were well tolerated. II CPS-specific IgG serum concns. (as well as IgM 
and IgA) peaked 2 wk after immunization, being higher in recipients of 
conjugated vaccine than in recipients of uncoupled CPS. Immunol, 
responses to conjugate were dose dependent and correlated with 
opsonophagocytosis in vitro. These results support inclusion of II-TT 



conjugate when preparing a multivalent GBS vaccine. 
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TI Group B streptococcal carbohydrates: Their role in virulence and as 
vaccines . 

AB Group B Streptococus (GBS) is a major cause of neonatal disease in the 
United States. GBS express two distinct surface sugars: the group B 
carbohydrate and the type -specific capsular 

polysaccharide (CPS) . Although the former is common to all GBS, 
protective antibody targets predominately the CPS antigen. Of the nine 
structurally and antigenically unique GBS serotypes, five (la, lb, II, and 
V) are prevalent in the U.S. Population. The CPSs of these serotypes are 
comprised of oligosaccharide repeating units containing glucose, galactose, 
N-acetylglucosamine, and N-acetylneuraminic acid. The immunogenicity of 
these otherwise weak antigens has been improved by coupling them directly 
to carrier proteins by reductive amination. GBS 
CPS-protein conjugate vaccines elicit in humans high levels of 
functionally active and protective antibody. An understanding of the 
chemical, biol. and immunol. of GBS CPS antigens has yielded a new generation 
of vaccines against GBS disease. 
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TI Alpha C protein as a carrier for type III capsular 

polysaccharide and as a protective protein in group B 
streptococcal vaccines 

AB The alpha C protein, a protective surface protein of group B streptococci 
(GBS), is present in most non-type III GBS strains. Conjugate vaccines 
composed of the alpha C protein and type III capsular 
polysaccharide (CPS) might be protective against most GBS 
infections. In this study, the type III CPS was covalently coupled to 
full-length, nine-repeat alpha C protein (resulting in III-a9r 
conjugate vaccine) or to two-repeat alpha C protein (resulting in 



III-a2r conjugate vaccine) by reductive amination 

Initial expts. with the III-a9r vaccine showed that it was poorly 
immunogenic in mice with respect to both vaccine antigens and was 
suboptimally efficacious in providing protection in mice against challenge 
with GBS . Therefore, modified vaccination protocols were used with the 
III-a2r vaccine. Female mice were immunized three times with 0.5, 
5, or 20 ng of the III-a2r vaccine with an aluminum hydroxide 
adjuvant and bred. Ninety-five percent of neonatal mice born to dams 
immunized with the III-a2r vaccine survived challenge with GBS 
expressing type III CPS, and 60% survived challenge with GBS expressing 
wild-type (nine-repeat) alpha C protein; 18 and 17%, resp., of mice in the 
neg. control groups survived (P, <0.0001). These protection levels did 
not differ significantly from those obtained with the type III CPS-tetanus 
toxoid conjugate vaccine and the unconjugated two-repeat alpha C protein, 
which protected 98 and 58% of neonates from infection with GBS expressing 
type III CPS or the alpha C protein, resp. Thus, the two-repeat alpha C 
protein in the vaccine was immunogenic and simultaneously enhanced the 
immunogenicity of type III CPS. III-a vaccines may be alternatives 
to GBS polysaccharide-tetanus toxoid vaccines, eliciting addnl. antibodies 
protective against GBS infection. 
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TI Structural properties of group B streptococcal type III polysaccharide 
conjugate vaccines that influence immunogenicity and efficacy 

AB In this study, we tested the hypothesis that the immunogenicity and 
protective efficacy of polysacchar ide-protein conjugate vaccines are 
influenced by three variables: (i) mol. size of the conjugate, (ii) mol. 
size of the polysaccharide used for conjugation, and (iii) extent of 
polysaccharide-to-protein crosslinking . Type III group B Streptococcus 
capsular polysaccharide was linked by reductive 
amination at multiple sites to tetanus toxoid to create a 
polysaccharide-protein conjugate (III-TT) . A single lot of III-TT was 
fractionated into small, medium, and large Mr pools. Whereas all three 
conferred protection in a maternal immunization-neonatal challenge model 
in mice, the smallest Mr conjugate evoked less polysacchar ide-specif ic IgG 
than the two larger Mr conjugates. To test whether the mol. size of the 
polysaccharide used for conjugation also affected the immunogenicity of 
the conjugate, vaccines were synthesized using capsular polysaccharides 
with Mrs of 38,000, 105,000, and 349,000. Polysacchar ide-specif ic IgG 
responses in mice increased with the Mr of the polysaccharides, and 
protective efficacy was lower for the smallest polysaccharide conjugate 
compared to the other two vaccines. Immunogenicity testing of a series of 
vaccines prepared with different degrees of polysaccharide-to-protein 
crosslinking demonstrated higher polysacchar ide-specif ic antibody 
responses as the extent of crosslinking increased. However, opsonic 



activity was greatest in mouse antiserum raised to a moderately 
cross-linked conjugate, suggesting that some antibodies evoked by highly 
cross-linked conjugates were directed to a nonprotective epitope. We 
conclude that conjugate size, polysaccharide size, and degree of 
polysaccharide-protein crosslinking influence the immunogenicity and 
protective efficacy of III-TT conjugate vaccines. 
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TI Meningococcal vaccine development: a novel approach 

AB Neisseria meningitidis is a major world-wide cause of meningitis. 
Effective capsular polysaccharide (CPS) vaccines, that 
elicit CPS-specific bactericidal (BC) antibodies, were previously 
developed and licensed to protect against meningococcal disease. However, 
due to their T-cell independent character, CPS vaccines are useless in 
infants and do not provide immunol. memory or long-lasting protection in 
adults. CPS-protein conjugate vaccines are being developed to improve and 
broaden vaccine efficacy by creating T-cell dependent antigens. However, 
group B meningococci (GBM) are responsible for nearly half of 
meningococcal disease and possess a CPS, composed of polysialic acid, that 
is poorly immunogenic. N-propionyl (NPr) modification of the GBM 
polysaccharide (GBMP) has enhanced its immunogenicity, but BC antibodies 
are not induced at high levels, even when conjugated to conventional 
protein carriers, unless adjuvants stronger than aluminum hydroxide are 
used. We have chosen to couple the NPr-GBMP by reductive 
amination to a recombinant GBM class 3 porin (rProB) , which we 
have shown to modulate the immune response in animals towards the production 
of CPS-specific BC antibodies. We have also combined this conjugate with 
similar CPS-rProB conjugates for groups A and C meningococci to form a 
trivalent A/B/C conjugate vaccine. This trivalent meningococcal vaccine 
has been shown to be safe and highly immunogenic in mice and non human 
primates, generating CPS-specific BC antibodies for each of the 3 major 
serogroups, which should provide world-wide protection against 
meningococcal disease. 
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TI Maternal immunization of mice with group B streptococcal type III 

polysaccharide-beta C protein conjugate elicits protective antibody to 

multiple serotypes 

AB Group B streptococcal infection is major cause of neonatal mortality. 
Antibody to the capsular polysaccharide protects 

against invasive neonatal disease, but immunization with capsular 
polysaccharides fails to elicit protective antibody in many recipients. 
Conjugation of the polysaccharide to tetanus toxoid has been shown to 
increase immune response to the polysaccharide. In animal models, C 
proteins of group B streptococci are also protective determinants. The 
authors examined the ability of the beta C protein to serve in the dual rol 
of carrier for the polysaccharide and protective immunogen. Type III 
polysaccharide was covalently coupled to beta C protein by 
reductive amination. Immunization of rabbits with the 

polysaccharide-protein conjugate elicited high titers of antibody to both 
components, and the serum induced opsonophagocytic killing of type III, 
Ia/C, and Ib/C strains of group B streptococci. Female mice were 
immunized with the conjugate vaccine and then bred; 93% of neonatal pups 
born to these dams vaccinated with conjugate survived type III group B 
streptococcal challenge and 76% survived type Ia/C challenge, compared 
with 3% and 8% survival, resp., in controls. The beta C protein acted as 
an effective carrier for the type III polysaccharide while simultaneously 
inducing protective immunity against beta C protein-containing strains of 
group B streptococci. 
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TI Group B Streptococcus type II polysacchar ide-tetanus toxoid conjugate 
vaccine 

AB Group B streptococci (GBS) are the most common cause of bacterial sepsis 
and meningitis in neonates in the United States. Although the 
capsular polysaccharide of GBS is an important virulence 

factor, it is variably immunogenic in humans. The authors increased the 
immunogenicity of GBS type II polysaccharide by coupling it to tetanus 
toxoid (TT) . Like other GBS capsular polysaccharides, the type II 
polysaccharide has side chains terminating in sialic acid. Controlled 
periodate oxidation of native II polysaccharide resulted in the conversion 
7% of sialic acid residues to an analog of sialic acid, 

5-acetamido-3 , 5-dideoxy-D-galactosyloctulosonic acid. TT was conjugated 
to free aldehyde groups created on the oxidized sialic acid residues by 
reductive amination. Serum from rabbits vaccinated with 

type II-TT conjugate (II-TT) vaccine contained antibodies specific to type 
II polysaccharide as well as to TT, whereas rabbits vaccinated with 
uncoupled native type II polysaccharide failed to produce a type-specific 



antibody response. Antibodies elicited by II-TT vaccine were serotype 
specific and mediated phagocytosis and killing in vitro of type II GBS by 
human peripheral blood leukocytes. Serum from rabbits vaccinated with 
II-TT vaccine provided 100% protection in a mouse model of GBS type II 
infection. Antibodies induced by II-TT vaccine were specific for the 
native but not desialylated type II polysaccharide, suggesting that an 
important antigenic epitope of II-TT vaccine was dependent on the presence 
of sialic acid. Therefore, the coupling strategy which selectively 
modified a portion of the sialic acid residues of type II polysaccharide 
before coupling the polysaccharide to TT preserved the epitope essential 
to protective immunity and enhanced the immunogenicity of the 
polysaccharide . 
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TI An oligosaccharide-tetanus toxoid conjugate vaccine against type III group 
B Streptococcus 

AB An oligosaccharide-tetanus toxoid conjugate vaccine was developed against 
type III group B Streptococcus. Purified group B streptococcal type III 
capsular polysaccharide was depolymd. by enzymic 
digestion using endo-p-galactosidase produced by Citrobacter 
freundii. Following enzymic digestion, oligosaccharides were fractionated 
by gel filtration chromatog. on Sephadex G-75. An oligosaccharide pool of 
average mol. weight 14,500 (corresponding to 13.6 repeating units of the type 

III 

polysaccharide) was used for conjugation to tetanus toxoid. Tetanus 
toxoid was covalently coupled via a synthetic spacer mol. to the reducing 
end of the oligosaccharide by reductive amination. 

The oligosaccharide-tetanus toxoid conjugate elicited type Ill-specific 
anticapsular antibodies (measured in ELISA) in 3 out of 3 rabbits whereas 
the unconjugated native type III polysaccharide was nonimmunogenic . 
Antiserum from rabbits vaccinated with the oligosacchar ide-protein 
conjugate protected mice against lethal challenge with live group B 
streptococci (16 out of 16 mice survived) and opsonized group B 
streptococci for phagocytosis in vitro. No protection was conferred by 
preimmune serum nor by serum from rabbits vaccinated with unconjugated 
native type III polysaccharide. An oligosacchar ide-protein conjugate 
vaccine of this design may prove to be an effective immunogen for 
protection against group B streptococcal infection in humans. In addition, 
the approach to vaccine design utilized in these studies will facilitate 
further definition of the structural parameters that determine immune response 
to glycocon jugate vaccines. 

AN 1991:4512 HCAPLUS «LOGINID: : 20090904» 

DN 114:4512 

OREF 114:911a, 914a 

TI An oligosaccharide-tetanus toxoid conjugate vaccine against type III group 
B Streptococcus 

AU Paoletti, Lawrence C; Kasper, Dennis L.; Michon, Francis; DiFabio, Jose; 
Holme, Kevin; Jennings, Harold J.; Wessels, Michael R. 



CS Channing Lab., Brigham and Women's Hosp., Boston, MA, 02115, USA 
SO Journal of Biological Chemistry (1990), 265(30), 18278-83 

CODEN: JBCHA3; ISSN: 0021-9258 
DT Journal 
LA English 

OSC.G 22 THERE ARE 22 CAPLUS RECORDS THAT CITE THIS RECORD (22 CITINGS) 

L7 ANSWER 15 OF 17 HCAPLUS COPYRIGHT 2009 ACS on STN 

TI Immunogenicity in animals of a polysaccharide-protein conjugate vaccine 
against type III group B Streptococcus 

AB The native capsular polysaccharide of type III group B 

Streptococcus elicits a specific antibody response in only 60% of 
nonimmune human subjects. To enhance the immunogenicity of this 
polysaccharide, the type III polysaccharide was coupled to tetanus toxoid. 
Prior to coupling, aldehyde groups were introduced on the polysaccharide 
by controlled periodate oxidation, resulting in the conversion of 25% of the 
sialic acid residues of the polysaccharide to residues of the 8-carbon 
analog of sialic acid, 5-acetamido-3 , 5-dideoxy-D-galactosyloctulosonic 
acid. Tetanus toxoid was conjugated to the polysaccharide by 
reductive amination, via the free aldehyde groups 

present on the partially oxidized sialic acid residues. Rabbits 
vaccinated with the conjugate vaccine produced IgG antibodies that reacted 
with the native type III group B streptococcal polysaccharide, while 
rabbits immunized with the unconjugated type III polysaccharide failed to 
respond. Sera from animals receiving conjugate vaccine opsonized type III 
group B streptococci for phagocytic killing by human peripheral blood 
leukocytes, and protected mice against lethal challenge with live type III 
group B streptococci. The results suggest that this method of conjugation 
to a carrier protein may be a useful strategy to improve the 
immunogenicity of the type III group B Streptococcus polysaccharide in 
human subjects. 
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TI Immunogens consisting of oligosaccharides from the capsule of Haemophilus 
influenzae type b coupled to diphtheria toxoid or the toxin protein CRM197 

AB H. influenzae Type b (Hib) capsular polysaccharide 

(PRP) was selectively hydrolyzed to reducing oligosaccharides, and the 
fraction containing 3-10 ribosylribitolphosphate repeating units (VS) was 
conjugated by reductive amination to diphtheria toxin 

(DTx), its nontoxic derivative CRM197 (Dcr) , or diphtheria toxoid (DTd). 
Conjugate DTx-VS retained .apprx.1% of native toxicity, which was 
eliminated by treatment with formalin. Immunization of rabbits with the 
conjugates elicited antibody (Ab) to PRP and to DTx but not to a model for 
the linkage determinant. Human adults given single s.c. injections had 
increases in serum Ab to PRP and in bactericidal activity in vitro; the Ab 
protected infant rats challenged with Hib. Adults had increases also in 
Ab to DTd, and these Ab protected rabbits against DTx. A series of 2 
injections of the conjugates Dcr-VS and DTd-VS was tested in infants 



beginning at 19-23 mo of age. Rises in anti-PRP Ab after the primary 
resembled the rises after PRP vaccine. In contrast to PRP, the conjugates 
elicited large rises after the secondary vaccinations and a substantial 
IgG component. Development of bactericidal activity paralleled the rises 
in anti-PRP Ab. Secondary rises after Dcr-VS were higher than after 
DTd-VS. In infants 12-16 mo of age, Dcr-VS (but not DTd-VS) elicited 
strong primary and secondary Ab responses that included IgG and 
bactericidal activity. Both conjugates produced consistent rises in Ab to 
DTd. 
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TI Preparation and immunological uses of radio-iodinated oligosaccharide 
derivatives. I. Preparation of iodine-125-labeled oligosaccharide 
derivatives with the aid of 3- ( 4-hydroxyphenyl ) propionic acid 
N-hydroxysuccinimide ester 

AB 1251-labeled oligosaccharides were prepared by combining acylation and 
iodination in a 1-step procedure by successive addition of the ester, 
3- (4-hydroxyphenyl) propionic acid N-hydroxysuccinimide ester (I), and 
1251 — chloramine T to the aminoalditol formed by reductive 
amination of the oligosaccharide. Thus, the oligosaccharide, 
NaCNBH3, and NH40Ac in MeOH-H20 (2:1) were refluxed for 6 h or stirred at 
37° for 6 days; the resulting 1-amino-l-deoxy alditol was separated by 
high-voltage electrophoresis with .apprx.30% yield of theor . A solution of I 
and the aminoalditol in borate buffer, pH 8.5 was kept at 0° for 15 
min, then carrier-free Nal25I solution was added, followed by chloramine T in 
H20 (at room temperature) . After 5 min the reaction was terminated by 

addition of 

Na2S205 followed by chromatog. on Sephadex G 25 or Dowex AG 1 + 2 , 

CI- form. The efficiency of radioiodination was 30%-75%, depending on the 

compound The immunoreactivity of the derivs. was assessed by using equilibrium 

dialysis and the Farr assay. 1251-labeled derivs. were prepared from 

isomaltotetrose, a-nigerosyl-1 , 3-nigerose, and the monomeric and 

dimeric repeating units of Klebsiella pneumoniae capsular 

polysaccharide. Derivs. of the 1st 2 compds . listed were 

virtually carrier-free with an extremely high sp. activity of .apprx.2 

mCi/ng. 
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